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Neutron generation using a laser-driven femtosecond gamma-ray pulse
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We carried out the research and development for realizing an ultrashort
pulse neutron source using a gamma-ray source based on a laser-accelerated electron beam. To produce
laser-accelerated electron beams with high energy and high charge, the high-power femtosecond laser
system was upgraded. We investigated the conditions for the generation of laser-accelerated
electron beam with high charge using particle-in-cell simulations. The simulation results showed
the possibility of efficient laser electron acceleration for the generation of high-charge electron

beams using a mid-infrared femtosecond laser pulse.



MeV

1(a)
100 MeV
laser
Compton scattering : LCS
LCS 1(b)
1(b) °Be(y,n)
1.67 MeV
1(c)
keV
@ ) [EasiTR
[ V- -mERFHR/R | g
g \ W N PHFRER
HAVzw bk \ mEE S UL A
F—4'y
s > @‘_\‘\ Ho AN 7F
v ’
327 b MELR
b—Y—mILA
WF H0RA
av—v—mbz e T -,m§
= [ Ig |@ 1 8
g. oI I_O;g g 10.’_-— MNeutron Elecugln :m. g
gt = g 5 4i0- B
£ - {05 & EW" . §
Z # = 1 ¢
- o 7 1 &
% 1 2 I T T
Photon energy [MeV] Energy [MeV]
1(a) (b)
LCS (©
1
1.7 MeV LCS 200 MeV

400 nm



200 MeV

50 fs LCS 400 nm
1mm KDP KH2PO4 800 nm 2
2
LCS LCS
Particle-in-cell: PIC
2(a) 1.5 um 100 mJ 40 fs
ao=2
8x10!8 cm-3 2(a)
x=-500 pm 20 pm
2(b)
1mm 65 MeV
Laser propagation  ————jgm-
60
— — 40 30%
€ E P
25 &
= = 20 205
< S 0fF 15 8
= 2 108
@ 3 -20 05§
o o 40 0.0 g
=z
-60
-1000 -500 0 500 1000 -1000 -500 0 500 1000
Position, x [pm] Position, x [um]

120 120 =
§ 100 E 100 é
> 80 3 80 2
S g0 S 6o £
(] (] ke
S 40 S 40 h
2 B 20 £
w 0 +4 : L B - - 3

-1000 -500 0 500 1000 -1000 -500 0 500 1000
Position, x [um] Position, x [um]
2 PIC (@) 1.5um (c)(d) 0.8
pm (@)(c) (b)(d)
0.8 um
0.8 um 200 mJ 40 fs
ao=2
2(c) 2(d)
1.6x101% cm-3 0.8 pm 15 pm

2 (d)



1mm 60 MeV

3
2(b)(d) 3 0.8 um
10
60 MeV 1.5 um 0.8 pm
10 2(a) 1.5 um
0.8 pm
2
1.5 um
£ 800 T | | T
3
=
E. 600 -
w
c
S 400 -
5
k]
2 200 -
[e]
B
E 40 90
< Electron energy [MeV]
3PIC 0.8 um
10
2(c)(d) 70 pC
[ 1,2]
1.5 um 100 pC
0.8 um 5TW 1.5 um
25 TW
1.5 pm
[ 3,4]

E. Miura and S. Masuda, Stable generation of quasi-monoenergetic electron beams
with laser-driven plasma-based acceleration by suppressing nanosecond prepulse,
Applied Physics Express, 2, 2009, 126003-1/3.

E. Miura, S. Ishii, K. Tanaka, R. Kuroda, and H. Toyokawa, X-ray pulse generation by
laser Compton scattering using a high-charge, laser-accelerated, quasi-monoenergetic
electron beam, Applied Physics Express, 7, 2014, 046701-1/4

Y. Fu, E. J. Takahashi and K. Midorikawa, High-energy infrared femtosecond pulses
generated by dual-chirped optical parametric amplification, Optics Letters, 40, 2015,
5082-5085.

Y. Fu, K. Midorikawa and E. J. Takahashi, Towards a petawatt-class few-cycle infrared
laser system via dual-chirped optical parametric amplification, Scientific Reports, 8,
2018, 7692-1/11.

1

45 2017 87-93



€y

@

5
25 2016.

65 2018.

Eisuke Miura, Shin-ichi Masuda, and Eiji J. Takahashi, Exploration of efficient

laser-driven plasma acceleration using an intense mid-infrared laser pulse,
International Conference on High Energy Density Sciences 2018 (HEDS2018) , 2018.
Eiji J. Takahashi, Shin-ichi Masuda, and Eisuke Miura, Efficient laser wakefield
acceleration by using mid-infrared pulses, Conference on Lasers and Electr-Optics
2018 (CLEO2018), 2018.

Eiji J. Takahashi, Shin-ichi Masuda, and Eisuke Miura, Evaluation of efficient laser
plasma acceleration driven by a relativistic mid-infrared laser field, 31st Annual
Conference of the IEEE Photonics Society (IPC 2018), 2018.

YAMAZAKI, Atsushi

8 10436537

(FUJIWARA, Takeshi)

8 90552175

(TOYOKAWA, Hiroyuki)

8 80357582

KURODA, Ryunosuke

8 70350428

(TAKAHASHI, Eiji)

MASUDA, Shin-ichi



